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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a simple and 
efficient method for producing spherical silica particles of 
microsize by using an water-in-oil type emulsion obtained by 
solubilizing water or an aqueous solution and to obtain 
spherical silica particles of new structure prepared by the 
method. 

SOLUTION: The spherical silica particles of microsize have a 
core/shell structure with a concentration gradient structure 
in which the outer peripheral part is a shell, the central part 
is hollow and the shell is dense at the outside and is made 
coarser as it reaches the interior. This method for producing 
the spherical silica particles comprises mixing a concentrated 
mixed solution containing a tetraalkoxysilane in a low polar 
organic solvent as a continuous phase with water or an 
aqueous solution as a disperse phase and an anionic 
surfactant with stirring to form a water-in-oil type emulsion in 
which the water or the aqueous solution as the disperse phase 
is solubilized in the continuous phase in such a way that the 
water content ofthe water-in-oil type emulsion is increased, j , • 

the solubilized water is adjusted to form two phase of combined water and free water and hydrolysis 
and condensation polymerization are carried out by the solubilized water of the emulsion as a reaction 
site. 





H * » 









http://www19.ipdl.jpo.go.jp/PA1/result/detail/main/wAAAQgayBpDA4110293... 03-09- 



•30 



mB^mm/fff (jp) 



(12) ^ 



(A) (11)»IHH«»M#^ 

#^^1 1-29318 

(43)^0 TO1¥(1989)2^2B 



(51) Intel.' 
C 0 1 B 33/152 
B 0 1 J 13/02 



F I 

C 0 1 B 33/152 
SOU 13/02 



B 
Z 



(21)tmB»# «fa¥10- 16723 


(TDWISA 


390041450 






B*5'J#T«ti!:^ 


(22)mHH ¥^10^(1998) 1 H29 B 




JfO^BBiKHH 1 TS 4 #28^ 




(72)«M« 


/MJ 


(3!)«5feMi*3g»^ 4$S¥9- 130548 




lU?^»*iR*T7eiR 1 Til3-12 


(32)ft5feB ¥ 9 (1997) 5 ^ 6 B 


(72)»W# 




mm^m^sm s^dP) 




lIjJgia*iRTft*&**W 3 TB 1 -21 




(74) A 

















(54) [SIMo^ift;] 5i?n>-9--fX©«!K>"J*Sj[^i-e«)fijfiS 

(57) [mm] (fijE*) 

ificf^Sx-ryl^i/a yco-&7l<*2rft< LfST^'fbK**^ 



TEOS +i^ikJif-;U+ AOT 



(EtIiMjflID 





if. 











^ ^ ^ ^ 



5 o y-r^ XcTJKR^i/ 'J 2:-^fiS,-ri. i 0 t/c 
;:,ittiS(7)nT • >-x;H«jt<7)S^7ny-+?-^Xc^«^^J^U 
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7K4 ^cJi^KiSJS^^^^'fb tfdfi4'7KSxv;l^i; 3 v 2r 

^$rPS-tl.^i:tCj:-'t, JficfTKSx-T/Ui^a 

S-^T 5 ^ o y-t?->f X(rmm^ U ^-^^^f ^ J: ^ 
\,z\^fz^t^^>L-th^9ny^A x<rm.^i^ 

4i7KSx-7;Pi^'3 ykJ&m-htiK ■^if:iWm.(^i% 

:Kffi{c=5:-5/i?ft4'*ffix-7;i'>''3 y<o-&7j<*^«< t 

T'r>< ^>*-ti:^^ a S^^7]<#c7)^V^?4tf 7l<Mx-7;U 
i/'g ycO^vg-ftTkSrSiiBJ^i: LT^DTK^^tSit^^a-^ 

r • V- x;l^ffiiaiO 5 ^7 n y-^-f X<?)^^Sv- V S:^ 

ySrffMt, -e^Jfi+TKffix-r/Ui^g ytci^atfc^liS 
^bTk^RlBJ^i: fCJ!lD7l<*j!?i3<J:t/il«-^Ril5^$-<^s 
5^0 y-9--^ Xco^^fcv- U ;^fit^ S-^i^t-l. J: 0 
5^'oy-9-^Xo««i^y;*m^<7)^atcfci^T, ii 

T^«jD-f S Z b cfc OM^/^R^Si^ra-C'^Sfc 5 ^ oyi?" 

^ x^o^^^i^ 'J 7:?f4^ i a tfc i imwi 
t-tmrnms. m^m. m^m7X^m^ms^zm 
mt^i^^ y^^ xff^m^i^ u ;{?s^<os?^. 
[if*3s 1 0 ] wmb Lx<r)W&<r>m\ ^-MmMm* 

t.zm&^'^X'h hfVy T)Vn ^ V >- 7 y S: -lir/i 

y^m^m\t t-c . mmkm-^ ztizx 

•9. 5iMffl4>lC:J^«tffl<7)7|<$r^v§'ftt;^aJS4'7j<Sx-7;k 
3 y SrJFM t . ^c7)?fi4'7KSx-7;l^>'' 3 y t:^^ 

X 0 t-t-S. S ^' n y-y--^ Xco^ctt V U T&S^ iOMjtftt 
isi^-C. ^igffl4'(C:a-SJffl<^**^>:«±*^?S5r^mt 
J^cvS^TKaxv^P^-'ay^rm-fSiS^O^^Sf^ti^ i« 
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t L . RlE»W<7)ll-?m«T-{i:x-i/>^t- ^ ^ i: 
if*JS6, i»^7X«ifl*JI8tc^c7)5^'ay-9--f 

WL-^mmh. ^WM}iLX<r)Ai.t.tzi.iA(.mWit. T-^ 

jS-?stt«-ciiKiniiEtc, Km^mmL^m^X'M 
mmi^mmf.z^t sjsE$i«coii-m®-c{ix 

ix*>mM^/^J±::i'-^r< t i> 2&.}L<^Wi^^h'^X'hhZ. 

b imwiti-umm , if 5 . it^JH6 , n*Ji 
7. ms^8. »^3S9, ff^iai oxtiit^i iiz 

6, ff«ii7, it^is, m^m9. ox{±it 

mm. 

[000 1] 



^■fbtJt?ft4'*Mxv;U$/3yS:ffl»''>T. S^'oynf^ 

x<7)j$:ij^v-y;:?e^^$-&«-r-?. s 9viy^4x<mM.i^ 
')t}m-(^w^Ah. ^ix\,zi.->x'mk^tihmL^m 

^. 

[0002] 

(i, Xh-'^/W (Stober) A>*^S^L-^c:fr^T\ "rVy 

nv^^'y^jy (mTTEos^ttem-r^« ) ^x 
^j-)mw¥x:. r y^-r^mkb\^xn^%mb 

iffiS-^^JSEt J: OitlSW^fcff'btLS (J. Colloid of 

Interface Sci.,26 62(1%8) ) , LA»L^*^'^>, 

[0003] tfc. jfi^, S^S-feyl^^rSjeifc-ri)** 
m.\mmt'^m&fimt^iX (Yamauchl et at.. 198 
9: Espiard.et at.,1990: Hirai.et at. ,1992) . i^y 

V'yTJV^^W^'yy (TEOS^) ^mmts:\m.X^^ 
LX'mL^^^'i'fi^^'AX:-hh . L*^U. c:co:^a 

{i, Ri£4l!J©c7)f h^T/l^n^fv-i^^y (TEOS^) 

\im.'L-X\^ti:\^oL. 7j<i:^ffivSttI"m;t-liiSJtS:S 
(Wo= [7K] / [-^ffivStt^J] ) . V^-fti 

ts:hKX\^tj:\^. 

[0 0 04] :L<r^^o\iZ. ^*to^sr;i^3^i^F& 
5l»5-fe;U&tiS#^fijtS/y;&m-?<Oi|ji&-C 
(i- -y-ys^ayHf-f XM^-^yp<-:5'— 9-^xw 
iOv'y;^a^cO|llIM{±T'§Tt, -[llc7)iif^tRii5-C-$ 
^ n Xo#:5MXi^ y mtT<^Xk^hZ t iiX' 

[00 0 5] t*^L. #^^«ti/u^m^^{±, a^co^ 
— 9--tLT^. mmm^tLxmmi-m^m. m 

[0 00 6] -?-^:T'5^ay-9--fX^-y-c^vy;<?fii 

^*PM-ri.«-&lC(±, SSStK^j/.x (Bogush) 



(4) 
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mML. m^mz&^^'^^^m'Z-hh (Bogush et a 
t..J.Non-Crystal. Solids. 104, 95. ,1988 ) « 

[0007] Miz&wi. '^m>'-m^^M:mimm 

m^cOr-hyT/\yZ}^i^iyyy (TEOS^) S^S:— 
5Et3lti*-r-&j; a tT^h^T/I^ndrS^v^y (TEOS 

K^::^a*ffg^§ilTU-5. ( Hasesawa et at.,1995;Ki 
mata et. , 1996 ) « 
[0008] 

fzib^ m¥ij^^x±mim'm^<. xmrnrnf^t-hm 
Mm^'<?%)L=t'immmt)mmx\ m&x-^ t i^^mz 

[0009] *^BJ*(i. X)UTi'^;ii±<mi^- 2 -x^ 

ju^^iy/ui'h'j'yM. (AOT) m(or-:^y'itco^m 
ismu. m^com\^^mm^'^x^^mzm-^L. 
^o<7)*s-^?§'fiiT'S h^mcr>$>hzb . tfzmx.ii. 

RC^MST-S.Sxh^r/I^n^v-v'^y (TEOS^) 

[0010] ±E<50 J: a 

y^m^^Xi^ay^^ X(7)m^^^ 'J >i? &^ & J; 0 fS® 

i 'o . :^§mm<Dm^-)}mzj: Kimm^titz s ^ o 
-(X(r>m^'><j^^'fi±. vt^<7)mmx'itm^zb<7)iii 
*=5:v ^ff L V mm^m^ij^h ^zb mm \.fz.<r>x'h 

[0011] 'm,^mw^m^mimz^L-<w<^h 



b. ^i-^4igHj{i. n<r>m\tmmxn'mibW£ 
m^'mmm: t t fc o . 3 r • ^ x;ufiiitT'$) o . 

[0012] tfzm5^m8^Bm. Tiittzii^mm^ 

iKmmb ttz-imcomi^bKmx'mms.'omumiz 

^mb-t^m&mx'h^. aii^5~^8^Bj«. m 

•9-^ xcom^'^v :^fi^^ismiz-^^^-tiz t s 

[00 13] momma. M^&fflv^-ci;')®^^.^ 

^ ^Sjtt-s z b ^m^b-tmm-^mxh h . 
[ 0 0 1 4 ] m 1 o%mi. mim^^j-^-fh zb^z 

X^. 'm^mz'Sc'^Lfz^'^ay^-{X<m^i^')^n 

"f-^mm-h zbt:B^b -rmmimxh -s . 
[00 1 5] ^1 imm. mmim^^hbbi:>i.zmn 

^mn^-thZb i 0 . cfc *3Mv^^i5Bt^-C\ SIR 

hzbi^&^b-th^-nmx'hh, 

[00 16] 

b\^o^(r>wnx'h K) . mf^^nx ob-r^msmm 

1 3 ^HJJi, S D y-y^ xm^i^ y ;&S^<7)^Ji 
[00 17] ^¥f-i^if^dbtmi^li. -Thy 

rjV'0^iyyyyb:^bX'mz -tm^^m b mm^K^ 

{3 i;'ffl=5r«JefSI4«it ^i^-^Xol^zLtzZb^^^b-r 

[0018] ^mmmco^^i^ V MiL^m^-rim. 
{i. 9mtim^x'\Hmiib'm^mmmmmm^i>'^xo 

izLtz.'^.mmx$)i>. tfz. ^^^mbiximt^ 

Li->l4@{il~5;umc7)i,co-C'3il). 
[00 19] ^*I^^S{tJ:5i:-ri.^2^HJ{i:. ^hy 
rJUa^>-yyyb7iibX'mz-tMyi<.-i^mb i^fi-^aC 

-o X , ^-hJf a5*-'^T'tt''i:^gP*^4'ST* hZb i:mWLb f 

Ti5§, SISIl2^Hj<;)^;|^i/.j;^fiiF^(i^ ^c04"DgB 

[0020] #itSrS(tJ:afc-rS^3^Hj«, xb9 

Tjua^>-i^yyb7iib x-mz-rcoiii^ii-^m b rnm^^ 



(5) 
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x;p«iiic Ltzz t Sr^fc -r-i. s ^ o y^-( x</>m^ 

u ^ m.^Th h . mm 3 wmwM: u ^ m-\i , 

x'mwcms:mis.mmm^ i:j->fznwi?m^m. 5 

'DgBc7)4j^tc^^ L/C nm<.n^m.x' 

hh^bifiw^X'ht. 

[0022] #ft&s(tJ: 3 t^hmsmmi. wm 
ttx comitcom^ ^^mm'^^izKimmx-h -s f - h 7 

x<r>7i<ttiii7mmb. T-^y^^mmismt^m,'^ 

Lx. mtmi^tizbizx^^ mm^^iz-s^wmc^^ 

R}mbvxm7ii-i^mmv=mm^Rmt:^^t, s^'a 
nmt-fhi^a y^^ x<Dm.^i- u ^n^f-comMmx- 
[0023] ms^em. Aitfzii^mm^-^m^tLfz 

mM^^m?:^-th::bl,zX*). Si5'o>'-9-^X<0«« 
'J ;!? & ^fiict- !> h V ^ 3 ff t V ^^^coa^ls^Bj-c-S) 

3 y<r>±^^izJ:':>XMtl<ki,zwm^h^. L*>^ 
tc, it4'7KMx-7;ki;gyiO:^3:S{±, ■»HvS14SiJ^7j< 

7k'^7mm<nikxp\^commizi-)X^^izmmti^'^m 



6. :in(^^WMizm^mmm<7)m:^mnwn±. ms^ 

b Lxcom^com^^^mmm'p^z^mm'SX'hi'T- h y 
T)i'a^i^i^yy^^:^^^fzmms.-^mmt. ^^txffl 

m-^ LX . mmm-^ zti,zx*). mm^^iz-^m^ 

ffM-tl. . i iO^SIMft4'7icMx-7;Pv^ 3 yo#7l<* 

tcPSL. ^O-i-TK^cOiSVi^ftifTkMxv/Ui^ayOnr 

mTk^K^B^i: LrjD7kii-ft?i3J;t^-^*-^RJS?^$-li: 

lzLfzZti:mmk-t:^^i:'uy^>( x<Dm^-> o^n 
fc^m&mx'h^. 

[00 2 5] me^BflJi. 3r • i^x;l'^jtc7)$^Qy 

)Vi> 3 y^mm-h \<zm. LX . SIS?a4'7KSx-7;i.i;-- 3 
^coir7j<* iS < L T ^^-f bJ<**M-^7j< i: g StKw ~ ffl 

Mx-7;l/i>- 3 yf^f^ja L/iisj^'ftTkiO^M-C'RiE ( TE 
^>iX, @ A7i<(^m^X'l±mti ( T E O S^COjDTk^)-^^: 

7K<7)g|5^7i;«SlEt-Cfc<o-r4'St'5rO. • S^x/UW 
fz. dcoid^^T- i-x;HSiicOSi?oy-»f^XcD« 

n^x'h^. 

[0026] #if&S(tct 3 i:1-|.lg7^B§{4. ilggffl 
tsf^ Lir*s ^> i C04'tci)-Hiffl t LXcDyiitfzltTmm^ 

Lfzm'¥7i<.mx.'?fUi^ 3 y^m^-t^ xoi>z^L.mfSi 

comm^zt i.Koxmtmmmm-ti ztizx-yx. 

?*4'7j<Mxv;Ui^-3 :xc7)nI?mi:7l<S:RJ£^i: LTiPTK:^)- 
life J;{/'ffi*-^SJ3S2: jiff §ii:-C 5 ^ o y-tf^ XiO«« 
'y y ;*ia-?2:-^fig-r S J: 3 Lfv: C: i: SrItSI -TS 5 

o x<7)fs«i^ y ^n^cnmmmx'h:^ . 
[0027] igy^Bjti, ^istcMit-rsi^cof^rEg 
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mii^i-t<r>x\ ^mnzi&-)X±si<^m^-^iM»>. 

[0028] J: 0 b-thmsmwi. Mtm 

t LX<7ym(r>i&^^-^mm'P<'^R!^^'Z-^^-r^ y 
t;1/ a ^ 5 y ^ $ ^^''-^SJ¥m^^§^S^^r-:t 

^cti««^MA IX . aMffl4'ti^l*ffl<^ 

x-7;i/i^'gyi^-&7K*^«< tT. ^^™i:7i<*>'^-& 
7Kt@*7j<o-m®J:'5:-l.*tir><^>tii:/^ox.. 
Ij^^jt^coitt ^?ft4'7j<Mx-7;Ui/' 3 ywarjS-ftTKSrRlG 

[0 0 2 93 IS8^Bfl{i, • i-xyu^iScOii^oy 

icfc^-:>-c, mjhmz^mmmittr^nm-t^im 

*^^>7l<t/i«i:7K^M^SAt-C«4'*ax-7;l.i-' 3 y 

mm-m. -e^o-ir7K*^i«< t-cvK*^ ^co-ar^mk 

7K*i|S-^7K t g *7K<7)Zffii: =Sr^ 4-C«< i-tt ^ - ^ 
■C'J)!.. •<ft4'7KSxv;l'->'3y$:5i7n>-9--<X{::^^ 

'[00301 iit^SJti: ^ t-r&^9^BH«±, 
t LX(r>mi<7M\'^^mm'PI>zK^mX'h^r-V y 
r)l-a^>-iyyyi:-^^^'±^'^-iS^^'SW.t. ^Wt&tL 
Xc^yKttzii^mmt. r-^ytt^ffl^Stt^JtSrii-^ 
tX . mimi'^-f !> .1 i: J; 0 . Wm 4'(::^«cffl«07j< 
S:^?S•^kL.5t^S*7KMx■7;^i/'3 ySrffML, -?-cOvS4' 

7j<^)»t5ctt^BS^RJt5S: § . 5 ^ D ^-^--f Xc7)«tt 



Wimz«im^j:mn.mm^t t-c^rrs c t c± o 

^-^fH-ti xo^zLti;ib^mmb^i^5wn. me 
wn. ^7 mmxiims^mzBrn-th s ^ ny^f x 
'J Mi=s'(7)wmmx'h^ , 

[0031] ll9^Bfl{i. 3ii^ffl^*«iffi(^M^t bX 

^m(7)Rmmm^m< x t^^tfc s ^oytf ^ x<^« 
-^{i-ec7)Rje*>'a< . t^*. RjsBB§rai;tT4-8B^ 

itSt'ti, 1^34 0-9 OBtra (»ilt<{i6 0~7 0l^ 

) b^mizm^^^jB^x-^^miz y^A x<n 

<nxhh,> 

[0032] msm\t. ^^vi^^tz\tmmz^mts: 

•imxh-^xh. i])VifsvW£>i'MML<r>mm 

<WjM-&\>zti:h(r)X . a-fcoMAM 
[0033] ^^)«<o^Jin^J4. »:«O3j10 

<smmiz\i^ ^io.z-^mrnmmk^^'b'^^'^ 

[0 0 34] ^#W^^tti;5i:t-|>^l O^BBi. 

fflfc \.x(r>w&(r>m'^-MWim^^zm^xt)hn- v 

Li:c7)7j<3;/^«i7Kj§?Sfc , r=~^y'mmm^\b 
tr . m^%.mh ^ i: i: o . ^ffl^' tc^iJcffl<7) 

*$:«rif'(l:t/'c?fi4'7Kfflx-7;l'i/'3 ySrmt, ^<0?4 
tt57KMxv;Wi^'3 yti*iat3t^^bl<2:RJ£>*^J: tT 

jDTK^jSfc X ismn-^Km 5 ^ o y-t^ Xco« 
«i^u ;!7¥4^ ^-^B^-r i. i 0 tc-r ^ 5 ^7 uy-f ^ X^« 

tfc{i7j<^?g^^T§^bL/cvft4'7mxv;py 3 y^J^^ 
tt57l<ax-7;Wi/3 y«0«I?§'(bJ<S:RJi&®^ LTira*^» 

(ix-i/yiT-r^ifcl^iiO. JR^J;<5^'ny^?-'fX 
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[0 0 3 5] :^^mzi3\'^xmi^m<^-^t\<^^^^y 
[0036] *#ft&s(tj; 0 b-tmi mmi. Mm, 

4i*Mx-7/u-y3 yi.z^^Lfz^m\\L^iKlSMt LX 

^m.mzwMti:mmi'm.'kmmb \^xwM-th tth 

\,z t , -e<7)-t-7K*o«v -ijft ti'TKSxv;!^ 'J 3 y 60"5r?§-(L 

hm<r>Wimmi^ K)xmm<ryWL-wmx'\mm^ 
t , u.mm(r>m - ?s««T«i:x- >>> ^-r ?> t i 

0 . Mv ^RjeB^fBTt-JR* J; < L/:: 5 n ^^^^ Xco 

^5||HH. me^HB, m7i6Bjx{iiS83%Bjicfa«-rs 
[ 0 0 3 7 ] SIS 11 wmt. wmm^m^^. mim 

[00 38] «FffSrSttJ:3 fc-rsmi 2^bB{±. ^ 

v-^y (TEOS) , xh^^ h^v-v-vy. rh^r 

fct-i.m4^Hfl, ^5^HH, i^63^0fl, m^m. ma 

[00 391 ^#i¥^S(tJ; a t-r^mi 3%HHti:. r- 
i^y'^&mm^'&MiiK i}}Vif^y^^. x)Vis-^ymu 

bi-hmA^m. m^m. miwn. ms 
mn. m9^m.mi o^mxami i^m<>zim<7)^ 



7 D y^A xm.^'y V :(}n^<om^mx'h h , 
[0 04 0] isi 3^Bfl^c^3v^T«ffl$^^sr-^>•tt 
^m^'mu. h-h^A.xivTi-^:L\i.<mi^- 2 -xf-;^ 

^^i^fVi- h 'J ( A 0 T ) tcRBS$itl> t <^'C<i'5r 
[0 04 1] 

[^M^j] OT. ^m%mmim^zmrs\<^xmm^zm 
mt^. ^m^m. wmLfzXoi.zKmim.x-hi>^ 
vvTjva^iyi^yy (TEos^) cn\mmm^w^ 

Mxv;wi/3y<7)^)-titffi5-j^)igt. ^mm^^Km 

y-*?-^ x^« u ^e^^^-^fiSc-r s .1 1 ^wist -r Sir 

tt !t(i$) S 5 ^ n y^4 X<nWki^ U tm.=?-Th h . 

[0042] RfE^Wt'fc^T^f^Xhdfv'i^^y (T 
EOS) 1 7K i: -Ciec: f JP*^IB*i J: t^'Slfi-^SiS t 
{±, -ea-rtLiXf^sC ( 1 ) ( 2 ) -C^^iiS 

1 ) . 

[0 04 3] 
[fCj^l] (1) 

Si (OC2 Hg )4 +4H2 O-^Si (OH), +4 

C2 Hs OH 
(2) 

S i (OH) 4 i O2 +2H2 O 

5: Jfttt'7j<Sx-7;P i>" 3 y^ ffl V ^/ia£ 5 ■^)Vm t •> ^ fr L 

[0045] <ii^ 1 >^^zm.m LfzWMit. jiMffl 

ttt. itKx^;l^i;RE4WOrh7Xhdfi^i^7>' 
(TEOS) &fflv^;t, .^WJStt^JfcLT. T-^yit 

cox/w^j^c: {i<^i/- 2 -xf-zP'^df-^-;!/-^ b U -^A 
(AOT) ^fflV^^^. ^^lifflhLT. iiiifi* (5U--Kr 

Jp-r^ Z b liZX 0?fi4'7j<Sxv;Pi^' 3 yco^Ii^it^ijB 
S^oy-9-^Xtc-ri>>Ik*^"'C^.?.::i:*^'^- 
-^tK* (Wo= [H2 O] / [AOT] ) $rSl>ffl(ciS 

mi. i,z^ifzm*)Th^. 

[0046] 

[fsl] 
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TEOS 


200 ml 




100 ml 


AOT 


2. 5 g 


ao 


9 ml 


-t*^ (Wo) 


89 [H2O] / [AOT] 



[0047] mm<^M-^izii . 6 mm^ -yi^y-h ym. 
(0 1 Rx-^7^;^tffi^^tt (esc a) t3j:i>-^$ 

3/3 [6ic7)^*f tr'ff -? T 'J «ji«0^*f S-ff 

[0048] mm.(rym^^i , 5 n y-r 

^Srffi*t:-^fiit> PM-T'g.^ca^Xcti, mtmm^MWj: 

m-fhzbif\i!,^fz. ^<DWm^<r>f^-^-yii. 112 

tC^^-r i; 3 (C, a^D^OS 1 f5P§T14. 1 3 0 r p mX'l 
B^fijijiff j;|£ L, . ^ 2 gPg-tid , 9 0 r p m-e 1 5 B#ra^ 
iSitlttf (2ii-j«J*-2^raffihiOi^D)EL) Ig3 
SPg-eti, 6 0 r p mT 1 2 4 ^^^^O^Migatlf ( 2 
^^Mff - 2 :Ji-PBl#±iO^ 0 31 L ) Sr t . Sf^^O^ 4 SP§ 
T1±5 0B#rax->>>^-^t7-:>/t (^RjEB^rall 9 1B# 

iStM-Ciii^t (113) , ZttmmLfzt^h^i^m- 
@3. 5;um-f fco/^ (04) « ^<r)mW^. ?44'7l<Sx 

SifclCcfc-^T. -Sc7)RiE-C5^'ny-9-'fX<0««i^ 
Ty^r-T'Srf iO^SttMliSraSJntTKjCilJS 
[ 0 0 4 9 ] J^iC . ±ieil«T'»^.^i/c 5 n ytf X 



i/y;<?&^to^^5:?^u-^'-v3y ( iKx^'^v 

[0050] HP*>. ±ia^*»<>. ll5l|HHOTc^»* 
KtE*^c7)7^h9xhdfv5^5y (TEO 

s) (nm-nm^wmtL. r-^yttc^^a^stt^J 

•§> C: t I. C i; SrHISL/i, 
[005 1 ] jS?5-fe/H4. mHz^io\,zWm^i 

^ti^yi^-^X-C'^-^. c:<7)jI5-b;wSr^ie^ 
icL*^^'^^, S^'oy-^-fXiiai^^V^icOii^tl-C 

^^•fh Z. t ifiX'^ ^ V J: ^ L;^c t> 

COTS)!.. L**i>Jfi4'*Sxv;Pi^'3y{4, (D^tc=5r 

®'Tfm!R'&mzmix\<^hm<7) 

{f, 5^'oyt?--fXtv^a;*:tv^-9--^XW^^^v"J;^^ 

< PSS-r i: ti^x^ h (ryxh h . 
[0052] Wn^^t. mz. lMfi4'7KSx-7yPS/3 
ycoi^^§ix2.«rm*<7)*5:tiJDt, ^co-g-** (w 

o- [7K] / [-^fflvStt^J] ) ttvKi:. 07 

mz^ymim<^htmi (>'^) tw^-rJ;di;^ 

0 ^-t-7j<*i::=5r-:> Jt[^{={4 , ■aj^g-lbK*^' 5 ^ n ytf 
-fXtc^-g.jiitc«@t7t, i/s, ?S4'7jcax-7;i/>''3y 

(7)Jfi4«*fflx-7;i^j/'3 yiO^?§-ft;7K$rKJ^;^i: tTJn^K 

tt^J/^^i A O TT'fc I. JiicfTKax-?;!^^ 3 yco#7K 
^ (Wo) *n 2mT^7)J^^lc{±, ■BTiSfliTKfiM^TKTt" 
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{tt^l)*^', -^^K* (Wo) *n 2a±lz^j:lb'^im\: 

(Haaser et al ., 1989; Mai tra et al. .1989:Kawai et a 

i.,i992). fip*>. ziii^cmmzm-^^ . isTm^mm 

[00 53] Z<dXo l;jiMffico4'tc^^SS:ffito?ft4'*M 
>- 5 yc7)fiBK-^4<?)SS . T- :t >ttl^ffi^14 

i4\ -^ffivsit^pjAOTco^. ^commi. ?a+*s 

x-7;i.i^'gy1ff£11^4^m;:>ftL0. 0 5-2. 00* 

m%^&^mM-r h co:^mt t < . Kmmn^^T e o s 
^mizumti^mmt 

[0 0 54] t/c, ?ft4'*Sx-?;l^>''3 V*?)^* tv>?^ 
C 0 0 5 5 ] *^B«CfIl.^^tci3t^-C{4. ?ft 

ic{4. mimmm^izmmx-hh. ar^iomim^ 
iz-o^^xmm-ti). 08(4, wis^K^fiicT'flefflL/ca 

[0056] 3|s:5|HfltC^-l.iSJSSl=:*3V^T{4. 

mthm<r>mmmt. nmrnz-rh. mz. ^<^-^ 
xM7iiMmxz/mm^KmiMn^'^^m(r)tmmi^ 

44. Rj£l5]«60ffi-?g4t^Ti4i«llIlKlc, KiiEffMcofe 
^M3iS?'{4IlIi|giS:^ai5gfl<)tw^i: RJSIiaBcOll 

- ?««ffiT14x- v> i^-'-r S <• i « J: 0 t-r 2. i: 5 ^ o 

iR*i(6l±-r^ (113) . >Iix(cJ:-pT^^8!^HJ2: 

iii2t/c, mz. ^k^coRm^cnmnm^^mi. s^? 

^I^Lf^O^-S (HI 2) « 

[0057] ^^^*»^>. 3(s:|i^BJ(cf^|>i^aT'P«^§ 



(4^at-fi^v\ ^J^{f EJR-r^^ >'V:f;W.^cr,-k^^l>z 
M.^-ytzim ( JJ^r-t-^ XI. OjJim) i^-t6^ f 

xyv? ^ivs-iizx^'Jk wsx.ti. mw9X,fz%i/ 

-mmimrn L%h'mn. mui:^^^ j-)vx'mm 

^IRO^^. ^n°Bi:tfc, 'e^7)ll*t'{4. ^m^ifWQ 
^'t^<n^^\iZi^t.fz\t^S^i>'^n^ L/il^^i: ^ 0 . 

=^-inhZbif^^fz. tfz. ^ULfzi-^uy^-iX 

(Tym^i^ A^i--immnm^z^ tx e 5°coest'2 

[0058] :*:M^Hfl«08^)t&-Cm^1;fei^U ^ 

J;0Je4^fcJ::^"f4^f5*P^L^c (03) . W^J;^ 
fc. KSL-^^««vU;*fil:^{4, -SBt^fiS/h^^Sm 
i> coco . ^i^S@{4 3. 5 m mX\ lib 

mtfz. ^com&i^mmAiZTjk'tm'ox'h'yfz. 
[oo59]miz. mzi^\^ y^^ xcom^i^ u 

im^uz^mtimsx'hh. m^mmtimm. m^m^ 

m^mX'h^. 1 100, 800cm-ifcJ:tN'460c 
m-i (it^f-f-) Hmzi^UAiO^'U^-^y^mzm':^ 

<m.m^^htl. tfz. 3 60 0cm-i 

mzi^yj -Mzmr^ < mmm d , u ^i? ^w^^^nx 

[0060] Stc. #f>:5:5'ay-9-^Xco«:(^i^U;{?S 

i^c7)>r^ * t mm^.=?-izm-t^m^^^\- ( e s c a ) 

«ftt{43t^^<7);*'»'M:T'*>l). XyN*>y^'jSJK{4. 3 
[nm/mi n] T\ ^C0fi!lO^W^fr(4, ISl5(C^t 

ytii 0 T'j) !> „ ^ (oj^mm^x >om^'^v ^s^{4 , ^ 
<o^miib-Wim[Hmiib'm^j:m&m\mmx'^i>z b 

[006 1 ] mzx. me^rnxv^ms^mcommm 
x-'^^tzmt'^v miL'^i:h -y 7" -f y^/Lfz-m^mmmm 

^t4, tfffegpj&^'tffficoar ■ -y3:ji'mmx'3h^zbi)m 

m^itfz. tfz. mm^i^vmiL^(nmi. mmi^ 
mmx'Mib'm^j:i^mmmmitx'h^ z b ivrnt. 
mam^m- ( e s c a ) (o-^mm^ t -a l/c . 
[0062] <mm2>mi&(omm^m%Tx\ yyx 

rH3SJE!R5««OTEOSi: tTS i (OCj H5 ) 4 ^ 
80. Om 1 Srft2t^. -7^';t-f--y^5'X^'-7-T'3iM 
3il*iW^L^*«/i>. TOSttSiJi: LTAOT^ 1 . 0 0 g 
^tnt. § A,ti7j<3 . 5 Om 1 SrJn;lfft4'7KSx-7;i^i; 

3 yimm-r^ bbh tRjE^wi&^-iir/i, sis*«4 1 
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SMQ • c m. f^^mSiM^^M. 1 0 P P bJJjlT<Oi^J< 

Lfz . KC*7f* 7 5 X 3 ^tlSrxy - ^ t'SS 

^■im^mzi^ t ^STio 6 5 'Cf 2 4 i^^se** l , s 

tc2 0 0ri:'2B#PBm«L;t, d 3 Lxwz9m<^mu 

[0063] ^m.n.'f-w^m^zi: -ox^i^^tifzw.^ 
mm^tir^-^i>ztimm.Lfz mi 1 ) . ^Ltin. m 

fz—$WS(OKlB ( My^^m t fiffl-^RJS ) T'. 5 ^ o 

[0 0 64] <%^3>wiz. m&m^m^^\^xi^ 



(TEOS) SrfflV^, #®vgtt^JtfC, r^5j-yttcO 
x;l^;^d{i<Ki''- 2 -x^/l^^^f h y -^i. ( A 
OT) 2:fflv^/i, */i:Ji-tiffihLr. (Sy.-KT 

^mm<r>mL\t. *i. {c*t3ta'9-rs>§, 

[0065] §^^fflT'$>l.itKxf-;l.hxh7Xh 

^i^v-^y (TEOS) ic. M^Jfctriti? (5 0. i 

00, 200, 400, 20 00ppm) Sr^DL. ^ 

v^T 1 mm-'mmmk. 4 o^ramt'^iiiatj? ( 2 
^^rai«ff-2^^PBi}«jfff±^^o®t) L^*>'^>, 

Wtc}«#aJK&§(f -i. J; 3(cL. ftft(c24iitpax-i^' 
y^/trffo^c (^KICB§S6 5^ISI^) («2. ) « -e 

^^tt 5 ^ P X^o^^^i^ y Sr-^^T 
%fz (013. 1114. 1115. 1116. 1117), PI 

xJi^^^h%^imrc%fz, 
[0066] 

[^2] aj^ffi^ffi^ 



No . 




TEOS 1 






AOT 












Cmll 


[ml] 








Cml] 




\%\ 


971119- 


1 


80 


40 


0^0 


20004 


1 


35 


86 


53.3 


971118- 


1 


80 


40 


0.0456 


400.1 


1 


3.5 


86 


51.0 


971118- 


2 


80 


40 


0.0260 


228.1 


1 


3.5 


86 


51.5 


971118- 


3 


80 


40 


0.0134 


117,6 


1 


3.5 


86 


49.1 


971118- 


4 


80 


40 


0.0044 


49,9 


1 

i 


3.5 


86 


33.2 



[0 0 6 7] <mi.Ay%mh\.x'im:>&m^w^^^x 

L.-csai4cory^:-T7K2:3i^fflt-Jni."C 6 1 P pm 
t^rL. iSM* (Sy^KraM) ^JSAf*. 6tS:^tat7) 

it#M&fflv^Tii«^^3ii^i«#-r-&. ^c^m. 4 0W 



mt) L. 5Etc:7 4^Sx-yy^2:ffof.: (^SJEBt 
[0068] 

[^31 aj^iPKoffifig 



No . i TEOS 
i biU 



BMx^^f AOT 

[mU [f] 



[ml] 



[pi>inl 



[H201 / (Aorl I [?61 



971119-2 j 80 



40 



1 



as 



61 



86 



7.5 



[0 0 6 9] <mm5>mz. fmttxmm^m^^^fz 
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m^5i>zi5ifhumt. 41. o-56%vh'o. Km 
[00 7 0] tfz. m$.m^5^i. mhntu^mmm 

fSPgTJi, 1 7 0 r p m-C 1 BflS^IWU. ^2n!mX' 

{i, 9 0 r p m-c' 1 6mm^wm.n ( 2%mm- 2^ 



7. 9%T-$)o^^o SiS'^.Xh^Ml^lJtifcV'iT-^ 

ii^K*^'ii2o. 02 iT'$>i.o i^. zix^-f]^i^. mn 

[007 1] 

[«4 ] !ill&[^flc7)fflJiK 



No - 


TEOS 
[ml] 


[ml] [2], [ppia] 


AOT 

[ff] 


[ml] 


CH201 / [AOT] 


m 


971125 -3 


200 


100 0.0543, 196.6 


2L5 


9 


69 





[0072] 

'J*S^S:-^)«-rSMit^i:. OHMS 
[ 0 0 7 3 ] ^co J: a i<z:m^m<r> 5 ^ ny-^"^ xmk 

o\.ztj:-)fz. m.mmmt^ixx\^t^-^^yr^~y- 

[00741 4^^, Mimmmwrn^^zi: ^wm^ix 
x'^mn}£Wj:mm.mmmi: t d , -e^o+c^gp 
7j<^7j<?s«^i^^ LfznwiA^n^wm.x'h-^'fz o . lae 

[ 0 0 7 5 ] tioT. *mHJ«SSiiffi{i. BulBOfrL 
[ 0 0 7 6 1 StC, :^m^mi. Jft^^Tkax-^/Ui^g y 



^ L^mm^zimTm.t: stf i. ^ t i o . -^^iostB 

f^S*^® < , Lt^h^^mz^lCLm^ $ ^ n y-9--f 

m^m^:^^'rmmmx'h^. 

[02] S n y-y- ^ xm^i^ 'J ;&f4^ ^oMj^jS^ 

[03] ^m^m^zi^ h m^iy o Mi^cTy^m ( m 
mm 1) izx lomm^tifz 5 ^ n y-y-^f xct)^^^^^ >j 
n'?-^^tni'mmM^MX'ht . 

[04 ] ^mHHt^f^S^l^i^ 0 :fin=F<^WmizX 

[05] y ;&5K-?oi?JSfet3c}; 

:7:5'U-fe'->'3y ( I RX'^.^'h;!^) SrS^f i5'7 7T'^> 
I., 

[06 ] :^^mizmJ$W^ V ;<?mi^<^$?Jtffii: J; 

0 fL/:; 5 o y-9--^ XcDM^i^ U ^fe^ <0«^:5i- 

[07] jgS-t/l-iijWTkfflX-^/l^i/aycOti^^rx 
;U«rS^-tlKBJ0-C$> 0 , ( 'f ) {±-i-*^ 1 2 5 
^r;^c7);«ittT/^Sr^■riftBH0■r■■$) D . ( n ) «-^7K^ 

1 2c7)jt 5 -te/ucoltjt^ T;P$r^-riKHJ0T'S) 0 , 
(VN) {i:#7l<^l 2a±X'^mityiit>'i-tS^miz^j:'^rz 

[08 ] *P,^B^t«l.««i/ y *¥4^coMjtffit:ffl 

[09] ( ^ 

i^l ) ^Wm^tii-zOT ■ v-x;Hfjti7)5^oy-9- 



(12) 
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[012] *^BJt:f^^^it>S(ct5V^T«4. 
[1113] L-C*^2 0 0 0ppmi^K$-ffll^-C 

So 

[iai4] M^«i LT*<J4 0 OppmPiSSrfflV^■r^f 

[iai5] S!lriii:LTil<;2 2 8ppmKi?trfflV^Ta5 



[016] M^t tT**Jl 1 8ppm»g?$:fflV^T« 
[017] )3!l!lii:tT*?75 0ppm@fi!^ffl(,^T^^^ 

[018] fmtLx^m&mk'S:m^^xmii^')i!i 

[0 1 9 ] 11^5 . 4'iO<x h^SSWcfc{t«.Mff^N°:5' 
-yS:S^-ti^BJ0-CJ>-i., 

[020] nils. 4'<0<XMIifii5iJ-ec7)S^oy-9->f 

[02 1 ] 111^5. tfco^xMiifi^j-ecos^ay-tf-f 
[^f^coiiBJ] 

2- -«M 

3- Mtflf 



[02] 



[03] 




50 



100 150 



200 




[ rpm ] [ h ] 

130 1.5 

90 15.0 C2» ON - OFF) 

60 1Z4^ CZfl- ON - 2d OFF) 

0 50.0 
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cmi 



TE0S+S^^j:.f-;W4- AOT t 



M ^ ^ 



[115] 



100 



[134] 





35 




30 


1 — 1 


25 




20 




15 






10 




5 




0 































1 




















































■ 










mn 


1 1 
1 1 


1 II 
1 II 


1 
1 


n 

1 1 







1J6 2.2 2.6 3 3.4 3.8 4.2 4.6 5 5.4 
[urn] 

ima] 



[Z=l 



IZ345£]-E 




1000 400 



IRT^^iry-/]/ (4000--400cm-0 
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[126] 



[07] 



C-f) 




0 20 40 60 80 100 120 140 160 



(x^N- y 3^ W^rt 3 ^ y y - -Z^-) 

^MgK am<^X» a0kV,30iiiA) 

JKT^I/=^ V'<^> (2Kv,20mA) K:<k5X^<y ^ 
(10mm 0) 



[[19] 



TEOS. 




TEOS- 



TEGS - 






[010] 




f 



(15) 
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[HI 1 ] 



cm 23 





cm 3] 



Cm4] 





ciai 5] 



cm 6] 





(16) 
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[mi?] 



[iai8] 





200 



a 



[Ell 9] 

ije fi^ (200ppm) 



170 
00 
0 



2dV 




C rpm ] C h ] 



15 

16.0 ON -OFF 
24.0 




[122 1 ] 




